Epithelial cells lining mucosal surfaces impose multiple barriers to viral infection. At the ocular surface, the carbohydrate-binding protein galectin-3 maintains barrier function by cross-linking transmembrane mucins on the apical glycocalyx. Despite these defense mechanisms, many viruses have evolved to exploit fundamental cellular processes on host cells. Here, we use affinity assays to show that herpes simplex virus type 1 (HSV-1), but not HSV-2, binds human galectin-3. Knockdown of galectin-3 in human corneal keratinocytes by small interfering RNA significantly impaired HSV-1 infection, but not expression of nectin-1, indicating that galectin-3 is a herpesvirus entry mediator. Interestingly, exposure of epithelial cell cultures to transmembrane mucin isolates decreased viral infectivity. Moreover, HSV-1 failed to elute the biological counterreceptor MUC16 from galectin-3 affinity columns, suggesting that association of transmembrane mucins to galectin-3 provides protection against viral infection. Together, these results indicate that HSV-1 exploits galectin-3 to enhance virus attachment to host cells and support a protective role for transmembrane mucins under physiological conditions by masking viral entry mediators on the epithelial glycocalyx.
E
pidemiological data have demonstrated that herpes simplex virus type 1 (HSV-1) is a common human pathogen, with more than 50% of the adult population in the United States testing seropositive (1) . Primary infections with HSV-1 are known to cause a wide range of mucosal and cutaneous lesions. In the eye, herpes simplex virus represents the commonest single infectious cause of blindness in the Western world (2) . Epithelial keratitis, the most prevalent presentation of ocular infection by herpes simplex virus, appears to be the result of the direct effect of the virus in the superficial epithelial layer of the cornea (3) . Herpesvirus infection begins with the interaction of the viral envelope with components of the host cell glycocalyx; thus, elucidating these interactions is critical for understanding disease pathogenesis and ultimately for devising effective treatments.
Epithelia exposed to the external environment are protected from adverse conditions by transmembrane mucins, a group of large and highly O-glycosylated glycoproteins (4) . Several transmembrane mucins (MUC1, MUC3A, MUC3B, MUC4, MUC12, MUC13, MUC15, MUC16, MUC17, MUC20, and MUC21) have been identified to date (5) . These mucins are major components of individual cell membranes on apical epithelial cells. Their extracellular domain is mainly composed of a variable number of tandem repeats that can extend up to 500 nm above the plasma membrane-far above all other membrane-associated proteins (6) . Recent evidence has shown that transmembrane mucins constitute one of the first lines of defense of mucosal surfaces that limit the access of viruses into their hosts (7) . In the airway epithelium, MUC1, among other O-glycosylated high-molecularweight proteins in the apical glycocalyx, is a major contributor to the physical barrier function against virus penetration (8) . It has been suggested that transmembrane mucins function as spacefilling molecules in the glycocalyx, fully capable of forming dense meshworks that selectively restrict viral infection (9) .
Transmembrane mucins can interact with multiple proteins through both the extracellular and intracellular domains (10) . Carbohydrate structures present in the highly glycosylated extracellular region make them potential candidates to interact with the galectin family of ␤-galactoside-specific binding proteins (11) .
Galectin-3 (Gal-3), the only chimera galectin currently identified, interacts in a carbohydrate-dependent manner with both MUC16 and MUC1 (12, 13) . These interactions occur in a multivalent fashion and generate strong molecular lattices on cell surfaces that are resistant to lateral movement (14) (15) (16) . In corneal epithelium, association of galectin-3 with transmembrane mucins contributes to maintenance of the epithelial barrier (13) .
A number of proteins involved in fundamental cellular processes on host cells are exploited by viruses to allow entry and replication and include members of the galectin family (17, 18) . To address the possibility that herpesvirus 1 uses galectin-3 to facilitate infection and to determine whether transmembrane mucins, in addition to providing a physical barrier, act as high-affinity cell surface receptors for galectins that block herpesvirus interactions, we performed a series of affinity assays with human galectin-3 in vitro and in a three-dimensional (3D) cell culture system. Our results identify galectin-3 as a herpesvirus 1 entry mediator and indicate that transmembrane mucins in corneal epithelial cells limit herpesvirus 1 recognition of galectin-3.
MATERIALS AND METHODS
Cell culture and viruses. Telomerase-immortalized human corneal keratinocytes were grown, as previously reported, in a 3D cell culture system with multilayered cells (19) . Briefly, cells were grown in keratinocyte serum-free medium (KSFM) (Life Technologies, Carlsbad, CA) to achieve confluence, followed by Dulbecco's modified Eagle's medium (DMEM)/ F-12 (Sigma-Aldrich, St. Louis, MO) supplemented with 10% calf serum and 10 ng/ml epidermal growth factor (EGF) for 6 to 7 days to promote stratification and differentiation. Vero cells (CCL-81; ATCC, Manassas, VA) were grown in DMEM supplemented with 10% fetal bovine serum (FBS). The HSV-1 strains used in this study were GHSV-UL46 (VR-1544; ATCC), which contains a VP11/12-green fluorescent protein (GFP) fusion protein (20) , and 17 synϩ, the syncytial (syn) derivative of HSV-1 strain 17 syn (21) . Two herpes simplex virus type 2 (HSV-2) strains, the replication-defective dl5 and dl29 mutants, containing deletions in the viral DNA replication protein UL5 and UL29 genes, respectively, were also used (22) . The titers of HSV-1 stocks propagated in Vero cells were determined by plaque assay as previously described (23) . All virus stocks were stored at Ϫ80°C.
Galectin-3 affinity chromatography. A pulldown assay for viral particles was conducted in phosphate-buffered saline (PBS), pH 7.5, by incubation of 100 l recombinant human galectin-3 (rhGal-3)-conjugated agarose beads with 10 l of GHSV-UL46 (7.6 ϫ 10 8 PFU/ml), 17 synϩ (5 ϫ 10 8 PFU/ml), dl5 (7.5 ϫ 10 7 PFU/ml), or dl29 (1.1 ϫ 10 8 PFU/ml) for 1 h at 37°C, with gentle mixing every 10 min. The beads were washed with PBS to remove unbound virus and subsequently eluted in sequence with 500 mM sucrose and 500 mM ␤-lactose. A pulldown assay for protein was conducted by incubation of 50 l rhGal-3-conjugated agarose beads with 100 g transmembrane mucin isolates, porcine-stomachsecreted mucin (Sigma-Aldrich), or bovine serum albumin (BSA) (Sigma-Aldrich) for 1 h at 37°C. The beads were pelleted by centrifugation, washed with PBS, and resuspended in SDS-PAGE sample buffer. For the competition pulldown assay, 50 l rhGal-3-conjugated agarose beads was incubated with 100 g of transmembrane mucin isolates for 1 h at 37°C. The beads were washed with 100 l of PBS and sequentially eluted with 500 mM sucrose, followed by 5 l of GHSV-UL46 (7.6 ϫ 10 8 PFU/ml) and 500 mM ␤-lactose. Thirty-microliter aliquots of the wash and eluate fractions were incubated with SDS-PAGE sample buffer before electrophoresis. Binding of GHSV-UL46 to rhGal-3-conjugated agarose beads was imaged by fluorescence microscopy (Nikon Eclipse E-400; Tokyo, Japan) in slides covered with coverslips containing Vectashield mounting medium (Vector Laboratories, Burlingame, CA).
Mucin isolation. Transmembrane mucin was isolated from multilayered cultures of human corneal keratinocytes as previously described (24, 25) . Briefly, protein from cell cultures was extracted using RIPA buffer (150 M NaCl, 50 M Tris, pH 8.0, 1% NP 40, 0.5% deoxycholate, 0.1% SDS) supplemented with Complete Protease Inhibitor Cocktail (Roche Biochemical, Indianapolis, IN). After homogenization with a pellet pestle, the protein cell extracts were centrifuged at 12,000 ϫ g for 45 min, and the protein concentration of the supernatant was determined using the Pierce BCA Protein Assay Kit (Thermo Scientific, Rockford, IL). High-molecular-weight mucins were separated by gel chromatography on a Sepharose CL-4B size exclusion column. The void volume containing the mucin fraction was digested with RNase A and DNase I (1 mg nuclease/100 mg protein) for 3 h at room temperature and further purified by isopycnic density gradient centrifugation in cesium chloride.
Electrophoresis and Western/lectin blotting. Proteins in whole-cell lysates and affinity chromatography fractions were denatured in SDS-PAGE sample buffer, separated in 10% acrylamide gels, and electroblotted onto nitrocellulose membranes (Bio-Rad, Hercules, CA). For analysis of MUC16, proteins were resolved by agarose gel electrophoresis (1% [wt/ vol]) and transferred to nitrocellulose membranes by vacuum. Nonspecific binding was blocked overnight at 4°C with 5% nonfat milk in TTBS (0.1% Tween 20 in Tris-buffered saline). The membranes were then incubated with antibodies to galectin-3 (H160; 1:2,000; Santa Cruz Biotechnology, Santa Cruz, CA), MUC16 (M11; 1:3,000; Neomarkers, Fremont, CA), GFP (A11122; 1:1,000; Life Technologies), nectin-1 (H-62; 1:500; Santa Cruz), and herpes simplex virus glycoprotein D (gD) (DL6; 1:2,000; Santa Cruz). Housekeeping protein was detected using antibodies to GAPDH (glyceraldehyde-3-phosphate dehydrogenase) (FL-335; 1:2,000; Santa Cruz). Following incubation with the corresponding peroxidaseconjugated anti-rabbit or anti-mouse IgG (1:2,000; Santa Cruz), positive binding was visualized with chemiluminescence (SuperSignal West Pico substrate; Thermo Scientific). Densitometry was performed using ImageJ software (National Institutes of Health, Bethesda, MD; http://rsb.info.nih .gov/nih-image).
For lectin blotting, the membranes were blocked overnight at 4°C with 1% polyvinylpyrrolidone in TTBS, followed by incubation for 1.5 h at room temperature with biotin-labeled peanut agglutinin (PNA) (1:200; Vector Laboratories, Burlingame, CA) to the mucin-associated T-antigen epitope. The membranes were then developed with an ABC kit (Vectastain ABC Kit; Vector Laboratories), and lectin binding was visualized with chemiluminescence. Albumin blots were stained with Ponceau S.
Transient transfection of siRNAs. Depletion of galectin-3 in human corneal keratinocytes was achieved using the Silencer Select Predesigned small interfering RNA (siRNA) (s8149; Life Technologies) targeting a sequence of human LGALS3 mRNA (5=-CGGUGAAGCCCAAUGCA AAtt-3=). A nonspecific scrambled siRNA (4390843; Life Technologies) served as the negative control. For knockdown in 3D cell culture systems, keratinocytes were transfected twice-at confluence and 3 days postconfluence-by 6-hour incubation with 500 nM siRNA in Lipofectamine 2000 (Life Technologies; 1 l/100 mm 2 ) dissolved in Opti-MEM (Life Technologies) reduced-serum medium (GlutaMax; Life Technologies). After the final transfection, the cells were incubated in supplemented DMEM/F-12 for 3 additional days. For knockdown in monolayer cultures, keratinocytes were transfected once, at confluence, followed by incubation in KSFM for 3 days.
Viral infectivity. Stratified human corneal keratinocytes were incubated for 2 h at 37°C with GHSV-UL46 (7.22 ϫ 10 3 PFU/ml). For inhibition assays, cells were incubated for 2 h with GHSV-UL46 in the presence of increasing concentrations (0.05 to 0.45 mg/ml) of transmembrane mucin isolates, porcine stomach mucin, or bovine serum albumin. Viral particles bound to the cell surface were inactivated afterwards by incubation with citrate buffer (pH 3.0) for 2 min, followed by washes with PBS (26) . The cells were then overlaid with fresh medium, and whole-cell lysates were collected 18 h postinfection for immunoblot analyses.
For plaque assays, monolayer cultures of corneal keratinocytes were incubated for 2 h at 37°C with 10-fold serial dilutions of GHSV-UL46 (7.6 ϫ 10 8 PFU/ml). The culture medium was then aspirated, and the infected cells were overlaid with 0.5% low-melting-temperature agarose (Sigma-Aldrich) in DMEM supplemented with 2% FBS and 1% penicillin-streptomycin (Life Technologies). Three days postinfection, the agarose was removed, and the cells were fixed with 100% methanol and stained with 0.1% crystal violet in 50% ethanol. Plaques were counted manually using a 10ϫ objective lens, and the plaque area was measured using Spot Advanced imaging software (Spot Imaging Solutions, Sterling Heights, MI).
Statistical analyses. Data are represented as means and standard deviations (SD). Statistical analyses were performed with Student's t test using InStat3 software (GraphPad Software, La Jolla, CA).
RESULTS

HSV-1 binds to human galectin-3.
Pathogenic organisms can subvert the recognition of galectins in host cells to ensure successful attachment or invasion (27) . An example is the binding of gp120 glycans in human immunodeficiency virus type 1 to galectin-1, which allows rapid association of the virus with susceptible cells, facilitating infection (18, 28) . Galectin-3 is a major component of the human cornea, where it localizes to apical membranes of apical epithelial cells both in vivo and in vitro (13) . To test whether HSV-1 binds to galectin-3, GHSV-UL46 and 17 synϩ virus particles were subjected to galectin-3 affinity chromatography (Fig. 1) . After removing unbound virus, the columns were sequentially eluted with sucrose, representing a specificity control for ␤-galactoside-dependent binding, and ␤-lactose, a competitive inhibitor of the carbohydrate recognition domain of galectin-3. Analysis of the eluates revealed that the two HSV-1 strains used in this study interacted with galectin-3 ( Fig. 1a and b) . As shown by densitometry, as much as 50% of GHSV-UL46 and 42% of 17 synϩ bound to galectin-3 beads in the affinity column.
Twenty percent of the bound GHSV-UL46 was eluted with 0.5 M ␤-lactose, indicating that the virus can bind galectin-3 in a carbohydrate-dependent manner. Interestingly, most of the 17 synϩ virus remained bound to galectin-3 after ␤-lactose elution, suggesting that the mechanism of virus attachment to human galectin-3 is strain specific and may include sites different from the conventional carbohydrate recognition domain. GHSV-UL46 binding to rhGal-3-conjugated agarose beads was further confirmed by fluorescence microscopy (Fig. 1c) .
To determine whether the interaction of galectin-3 was specific to HSV-1, we performed additional pulldown assays with HSV-2, a distinct but closely related virus traditionally associated with genital disease (29, 30) . Interestingly, the two replication-defective HSV-2 mutant virus strains used in this study, dl5 and dl29, did not bind to galectin-3 beads in affinity columns (Fig. 1d) .
Knockdown of galectin-3 inhibits HSV-1 infection of human corneal keratinocytes. In view of the fact that HSV-1 binds human galectin-3, we next determined whether targeted abrogation of galectin-3 in host cells would inhibit the entry of GHSV-UL46. Targeting galectin-3 in multilayered cultures of corneal keratinocytes with siRNA resulted in 55 to 90% decreases in protein levels compared to treatment with scrambled siRNA (Fig. 2a) . When virions were allowed to bind stratified cell cultures transfected with galectin-3 siRNA, the expression levels of viral GFP were 47% lower than in scrambled siRNA control cells (Fig. 2b) , indicating that galectin-3 mediates HSV-1 infection in human corneal keratinocytes.
To determine whether galectin-3 assists in the infection event without affecting the rest of the HSV-1 entry process, we analyzed the protein levels of nectin-1. Nectin-1 is a major HSV-1 receptor in polarized human epithelial cells that becomes internalized and degraded after interaction with gD on the HSV-1 envelope (26, 31, 32) . As shown in Fig. 2c , transfection of keratinocytes with galectin-3 siRNA did not affect nectin-1 protein levels compared to the scrambled control in either the absence or the presence of HSV-1 virions.
That galectin-3 mediates HSV-1 infection was also confirmed in plaque assays using monolayer cultures of human corneal keratinocytes. It is well established that, in these cells, HSV-1 has the ability to produce visible plaques that result in central clearing as the virus spreads (32) . As shown in Fig. 3a , targeted abrogation of galectin-3 using siRNA led to an approximately 70% decrease in galectin-3 protein levels compared to the scrambled control. Infection of host cells after galectin-3 knockdown with serial dilutions of GHSV-UL46 led to a significant reduction in the number and average area of plaques ( Fig. 3b and c) .
Transmembrane mucins prevent HSV-1 infection and virus interaction with galectin-3. Previous studies have shown that steric hindrance is sufficient for neutralization of viral entry by targeting molecules to the vicinity of the virus and its receptor (33, 34) . In the human cornea, transmembrane mucins localize to apical membranes of apical epithelial cells, where they closely associate with galectin-3 (13, 35) . Thus, we considered the possibility that endogenous mucin could prevent HSV-1 infection by interacting with galectin-3. In subsequent experiments, we infected corneal keratinocytes with GHSV-UL46 in the presence of increasing concentrations of exogenous transmembrane mucin isolated from corneal keratinocytes. As shown in Fig. 4a , addition of exogenous corneal mucin isolates to the cell cultures significantly reduced HSV-1 infectivity in a concentration-dependent manner. As shown by peanut agglutinin staining, the transmembrane mucin isolates used in these experiments bound to galectin-3 in affinity assays (Fig. 4b) , suggesting that transmembrane mucins in host cells regulate viral entry by interacting with galectin-3 on the cell surface. Incubation of cells with porcine stomach mucin and bovine serum albumin-two glycoprotein controls lacking affinity for human galectin-3-had no effect in preventing HSV-1 infection of human corneal keratinocytes.
To further examine whether the interaction between galectin-3 and transmembrane mucins is responsible for inhibiting HSV-1 infectivity, we performed competition pulldown assays. Corneal mucin isolates containing endogenous MUC16 were incubated with galectin-3 beads, followed by sequential elution with sucrose, GHSV-UL46 virions, and ␤-lactose (Fig. 5a ). Immunoblotting analysis showed that GHSV-UL46 could not bind to the galectin-3 affinity column in the presence of transmembrane mucins (Fig. 5b) , indicating that transmembrane mucins from human corneal keratinocytes restrict the interaction between human galectin-3 and HSV-1 virions. In these experiments, MUC16 remained bound to galectin-3 beads after incubation with GHSV-UL46 but could be partially eluted with ␤-lactose, as shown previously (13) . Overall, these results support the hypothesis that transmembrane mucins limit virus recognition of the epithelial cell surface by interacting with galectin-3, thereby blocking viral entry into host cells. Addition of exogenous transmembrane mucin to corneal keratinocytes, but not stomach mucin or albumin, significantly reduced HSV-1 infectivity in a concentration-dependent manner. Relative protein levels were determined by densitometry and were normalized to GAPDH. Experiments were performed in triplicate for each dilution. A representative Western blot is shown at the top. (b) By affinity chromatography, transmembrane mucin bound to galectin-3 beads. In contrast, stomach mucin and albumin were detected in the flowthrough, indicating a lack of interaction with galectin-3. The arrowheads indicate the interface between the stacking and separating gels. *, P Ͻ 0.05.
FIG 5
Transmembrane mucins contribute to prevention of interactions between HSV-1 and human galectin-3. (a) General diagram of the competition pulldown assay. Transmembrane mucins were applied to a galectin-3 affinity column. After unbound mucin was removed, the column was sequentially incubated with sucrose (1), GHSV-UL46 virions (2) , and ␤-lactose (3). The fractions were then analyzed by immunoblotting for MUC16 and gD protein content. (b) GHSV-UL46 virions failed to bind the galectin-3 column, as shown by the presence of gD in the HSV-1 fraction, suggesting that binding of transmembrane mucins to galectin-3 provides steric hindrance against virus attachment. MUC16 remained bound to galectin-3 beads after incubation with GHSV-UL46 but could be partially eluted with ␤-lactose, as described previously (13) . The error bars indicate SD.
DISCUSSION
Cells throughout the whole body impose multiple barriers to prevent virus infection, yet viruses have evolved biologically to efficiently exploit fundamental cellular processes on host cells that allow virus entry and replication (17) . In this study, we identified galectin-3 as a cell surface component exploited by herpesvirus 1 to infect corneal keratinocytes. More importantly, we show that transmembrane mucins, by acting as surface receptors of galectin-3, limit the interaction between herpesvirus 1 and the glycocalyx. This finding adds a novel mechanism for how transmembrane mucins, in addition to functioning as a physical matrix that excludes viral particles (9) , provide a barrier function on epithelial surfaces.
Initial recruitment of viruses to susceptible cells is mediated through binding of viral surface components to attachment factors on the target cell surface. Many viruses, including herpesviruses, are known to use multiple cell surface receptors to collectively increase binding avidity but, of more consequence, allow tight sequential coordination of fusion and penetration events (17) . The mechanism by which herpesvirus enters host cells is one of the more complex mechanisms studied to date. In humans, the most widely studied herpesvirus receptors are nectin-1, an adhesion protein implicated in the organization of adherens junctions and tight junctions in epithelial cells, and herpesvirus entry mediator, which belongs to the tumor necrosis factor receptor family (36, 37) . In addition, it has been shown that 3-O-sulfated heparan sulfate also provides sites for the binding and initiation of HSV-1 entry (38) . Interestingly, these various molecules bind the virus independently and do not act as coreceptors during entry (39) . Here, we show that galectin-3, a lectin found on the apical glycocalyx of apical cells on corneal keratinocytes, provides similar functions essential to enhancement of infection efficiency. We show first that HSV-1 directly binds human galectin-3 in affinity assays ( Fig. 1) and, second, that targeted disruption of galectin-3 impairs HSV-1 infectivity in human corneal keratinocytes ( Fig. 2  and 3 ). Since galectin-3 is highly expressed at the apical surface of corneal epithelium, these results suggest that HSV-1 uses the lectin to increase binding avidity for host cells.
Within the past few years, it has become apparent that galectins bind pathogens, thereby functioning as regulatory factors in innate immunity (27) . Several galectins have been shown to bind viruses, either to impair or to facilitate particle attachment and infection. Antiviral effects have been observed with galectin-1, a prototype lectin that specifically cross-links N-glycans in envelope glycoproteins of Nipah virus, causing aberrant oligomerization and blocking fusion of the virus with endothelial cells (40) . Exogenous galectin-1, by modulating the immune response, also diminishes the severity of ocular lesions in a mouse model of HSV-1 keratitis (41) . On the other hand, galectin-1 has also been shown to accelerate the binding kinetics of HIV-1 to susceptible cells and to facilitate virus replication (28, 42, 43) . It is likely that structural differences in glycan composition, and/or their presentation mode, on envelope glycoproteins determine the relationship of individual viruses with galectins (27) . In our experiments, we found that galectin-3, a chimera lectin that forms pentamers upon binding to multivalent ligands, facilitates herpesvirus 1 binding to and infection of corneal keratinocytes. Importantly, targeted abrogation of galectin-3 in host cells did not affect the levels of nectin-1 or its processing compared to controls, supporting previous data indicating that galectins assist initial virus binding events independently of the rest of the virus entry process (18) .
It is now apparent that the presence of a highly glycosylated and abundant glycocalyx on the apical surface of polarized epithelium reduces the efficiency with which viruses infect host cells (7) . In airway epithelium, the transmembrane mucin MUC1, among other tethered mucin types, provides a physical barrier that limits adenoviral vector interaction with the airway luminal surface (8, 44, 45) . Electron and atomic force microscopy has shown that a finely textured glycocalyx with linear and rigid transmembrane mucins is responsible for the exclusion of large adenovirus particles (9) . To test whether transmembrane mucins limit herpesvirus 1 infection, we added exogenous transmembrane mucin to our culture model of stratified human corneal keratinocytes. We found that transmembrane mucin-but not glycoprotein controls-with the ability to bind galectin-3 restricted herpesvirus 1 infection in a concentration-dependent manner (Fig. 4) . Interestingly, herpesvirus 1 virions were unable to elute MUC16 from human galectin-3 beads in competition pulldown assays (Fig. 5) , suggesting that transmembrane mucins block virus penetration by binding galectin-3 in the glycocalyx and providing steric hindrance. The fact that herpesvirus 1 was not able to elute mucins from the galectin-3 beads was not entirely surprising. It has been shown that, although individual interactions between viruses and their receptors are specific, they are often of low affinity (46) .
Our model raises an obvious question with regard to the molecular events that trigger successful infection in the cornea. We have speculated that alteration in the glycocalyx after epithelial abrasion facilitates herpesvirus attachment to the cornea. This hypothesis is supported by corneal-wound-healing data indicating that pathogens, including adenoviruses, adhere to leading-edge cells migrating to cover the wound but not to apical cells of the stratified epithelium behind the leading edge (47, 48) . Leadingedge cells are characterized by abnormal cell surface glycoprotein glycosylation (49, 50) and therefore are susceptible to alterations in the association between transmembrane mucins and galectin-3. Moreover, compared with normal, nonmigrating epithelia, migrating epithelia of healing corneas have significantly greater levels of galectin-3 (51), potentially increasing the availability of attachment sites for herpesvirus 1 into compromised corneas. In summary, our study identifies galectin-3 as a novel HSV-1 entry mediator in corneal keratinocytes and highlights the importance of the close association between transmembrane mucins and multivalent galectin-3 in limiting herpesvirus interactions with the glycocalyx. Modulating receptor interactions in the epithelial glycocalyx represents an interesting therapeutic strategy to decrease herpesvirus infectivity.
